Objective: Because of the indolent nature of noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) and potential requisite for a more conservative treatment, it is crucial to identify features of this entity preoperatively.
| INTRODUCTION
The incidence of papillary thyroid carcinoma (PTC), particularly the follicular variant (FVPTC) and encapsulated follicular variant (EFVPTC), has been on the rise with the numbers tripling over the past four decades. 1 Additionally, there has been a drastic increase in healthcare dollars spent on thyroid carcinoma over the last several years due to postoperative surveillance, of up to $515 million. Associated psychosocial pressure has impacted up to 43% of patients with thyroid carcinoma. 2 Noninvasive EFVPTCs, however, were repeatedly shown to behave in an indolent fashion by several outcome studies [2] [3] [4] [5] [6] ultimately leading to a nomenclature revision of noninvasive EFVPTCs to noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTPs). The new name was proposed in the hope of improving the management triage of these neoplasms with low malignant potential and was therefore accompanied by a set of strict diagnostic criteria. 6 The main impetus for the nomenclature change was to avoid excessive or unnecessary therapy for a neoplasm with low malignant potential. 6 To avoid overtreatment, our group conjectured that identifying possible NIFTP cases presurgically through fine needle aspiration (FNA) cytology could potentially aid in the presurgical triage of these cases to ultimately avoid the overtreatment, psychological implications and increased financial burden of a cancer diagnosis preoperatively, thus providing a multidisciplinary approach to support the intended goal of the nomenclature change: avoidance of overtreatment.
In a recently published study, our group examined several cyto- 
| METHODS
The current study protocol was approved by the New York Univer- All EFVPTC and NIFTP surgical pathology cases considered for the current study were reviewed by two pathologists, and cases demonstrating any papillae or vascular or capsular invasion (including minimal invasion) were excluded from the study. Cases in which the entire capsule was not submitted or the surgical pathology slides were unable to be retrieved for review were also excluded. PTC cases were excluded if they were not of the classic variant and if they were from nodules smaller than 1 cm. FA cases were excluded if they were Hürthle cell predominant because Hürthle cell features are very distinct and do not pose the cytomorphological challenge that we were analysing.
FNA cases preceding surgical pathology diagnoses of NIFTP, PTC and FA were retrieved with 30 cases selected randomly for each study group, and the original TBS cytology diagnoses were tabulated.
Each case was reviewed initially by two pathologists (T.C.B. and W.S.), who were both blinded to the original cytology and subsequent surgical pathology diagnoses. They reviewed the cases at a multiheaded microscope for the presence of nuclear pseudoinclusions (≥1), grooves, crowding, enlargement, nuclear contour irregularities and clearing, as well as papillae, calcifications, microfollicle predominance, colloid and giant cells. The assessment of each feature as present or absent followed the criteria outlined in TBS with a balance between quality and quantity taken into consideration.
The same cases were then analysed blindly and independently by five additional cytopathologists with an assessment for the presence or absence of the same features. Presence of cytomorphological features was recorded and compared to determine agreement amongst the six separate observations.
Gwet's AC1 was used to assess inter-rater reliability for the presence of cytomorphological features between six raters (five independent cytopathologists and the two pathologists who examined cases together). Gwet's AC1 was used because it has been shown to be more stable than κ statistics, which can produce low κ values in the presence of high agreement. 16 
| RESULTS
For PTC, NIFTP and FA cases (Figures 1-4 Analysed using the chi-square test.
categories (Gwet's AC1 > 0.20), it was not as high as for the presence of papillae (which as substantial across all three categories, Gwet's AC1 > 0.60), and this may indicate that determining the presence of microfollicles may be a somewhat more subjective task.
One pathologist may interpret a larger group of follicular cells as a group composed of several microfollicles squeezed together, whereas a second pathologist may interpret this as a macrofollicle.
Most nuclear features individually showed substantial to almost perfect agreement (Gwet's AC1 > 0.60). The nuclear feature with the lowest overall agreement was nuclear contour irregularities (65.1%, Gwet's AC1 0.30). While agreement was higher for the PTC and FA groups, the agreement dropped to 52.0% (Gwet's AC1 of 0.04) for the NIFTP group. We believe that nuclear contour irregularities may be the most subjective and therefore least reproducible feature, as determining the presence of contour irregularities involves adjusting the microscope focus through different threedimensional planes on high power to detect such irregularities, especially when analyzing NIFTP cases which have been shown to display more subtle papillary-like nuclear features than classic PTC. 7, 12, [17] [18] [19] Ours and other studies 10, 20, 21 have previously noted that presurgical FNA cytology of NIFTP is more similar to FA cytology in architectural features, with the presence of microfollicles and absence of papillae, and more similar to PTC in most nuclear feature categories (nuclear crowding/overlapping, enlargement, contour irregularities, clearing and grooves).
It is important to note that the cytomorphological features examined in this study must not be viewed independently but rather together in a panel. Additionally, we would like to emphasize that further preoperative assessment modalities cannot be ignored. Sonographic and molecular features of thyroid nodules should also be assessed preoperatively and utilized in a complimentary fashion with cytomorphology in order to achieve a more complete preoperative tumour profile. NIFTP cases typically display a more smooth round/ oval nodule sonographically, 22, 23 with features demonstrating lower suspicion 24 that can be likened more to a FA, rather than a malignant PTC on ultrasound. Additionally, NIFTP cases typically display mutations in the RAS-like family of mutations rather than the BRAF v600E -like mutations. 3, 6, 10, 25, 26 This combined preoperative profile could then potentially provide a surgeon with enough data to determine the most appropriate management.
Importantly, all NIFTPs must be diagnosed upon surgical excision with thorough examination of the tumour capsule. NIFTP cannot be distinguished from its invasive counterpart without this examination, much like the situation for follicular adenomas and carcinomas. The followed up with multi-institutional interobserver variation studies in order to support the current data.
Taking note of the histological criteria for a diagnosis of NIFTPthat of papillary-like nuclear features (with a score of two out of three on a three-tiered semiquantitative grading system) combined with features of FAs (encapsulation/clear demarcation, follicular growth pattern with no papillae, no psammoma bodies, less than 30% solid/trabecular/insular growth pattern, and absence of high mitotic activity, invasion or necrosis), 6, 27 we can compare these cri- 
